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FIRST SUPPLEMENT TO APPEAL BRIEF 

Appellants submit this First Supplement to the Appeal Brief filed December 22, 

2006, to the Board of Patent Appeals and Interferences on appeal from the decision of the 
Examiner of Group Art Unit 1713 dated June 28, 2006, finally rejecting Claims 1-3, 5-11, 
12-20, 23-24, 26, 28, 30-32, 35-37, 39-47, and 49-50. 

In response to the Notice of Non-Compliant Appeal Brief dated 13 February 

2007, and in response to the Advisory Action After the Filing of an Appeal Brief dated 
24 January 2007, please substitute and replace the following sections of the originally 
filed Appeal Brief with the sections set forth below. 

Appendix A 9 of Pending Claims also is attached hereto. 

The Supplement to the Appeal Brief is not submitted in triplicate because it was 
transmitted by facsimile and is voluminous. 
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Status of Claims 

The claims pending in the application at the time of the final rejection and the 
filing of the Notice of Appeal were Claims 1-3, 541, 12-20, 23-24, 26, 28, 30-32, 35-37, 
39-47, and 49-50. 

The Examiner entered an Amendment under 37 CFR 1.116 that was filed with the 
original Appeal Brief, on 24 January 2007, Thus upon entry of that amendment under 37 
CFR §1.1 16, Claims 1-3, 6-11, 12-20, 23-24, 26, 28, 30-32, 35-37, 39-47, and 49-50 are 
pending for consideration on appeal. Those pending claims were previously shown in 
Appendix A, which was attached to the original Appeal Brief 
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Status of Amendments 

An Amendment under 37 CFR 1.111, was sent by facsimile on April 1 1, 2006, It 
was followed by a final rejection. Subsequently an Amendment after final under 37 CFR 
1.116, was sent by facsimile on August 25, 2006. However the Amendment was not 
entered because according to the Advisory Action of September 8, 2006, it raised new 
issues that would require further consideration and/or search and such amendment was 
not deemed to place the application in better form for appeal. 

The Examiner has entered an Amendment under 37 CFR 1.116 that was currently 
filed with the original Appeal Brief In that amendment, Claim 1 was rewritten to 
incorporate the subject matter of Claim 5, and two simple typographical errors were 
corrected. 
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Summary of Claimed Subject Matter 

The Invention described by the claims on appeal involves asphalt compositions 
(Independent Claims 26, 43 \ and 49) and methods (Independent Claims l t 17, 23) for 
preparing asphalt compositions, along with methods for road paving (Claim 15), a paved 
road (Claim 41) and methods for sealing of a roof with such asphalt compositions (Claim 
16) as well as a sealed roof (Claim 42). 

In one aspect of the invention, the method for preparing asphalt and polymer 
includes: heating (Par. 0039 of Published Application) a mixture of asphalt (Par. 0023) 
and an elastomeric polymer (Par. 0024), adding from about 0,05 weight % (wt%) up to 5 
weight % (wt%) of a metal salt (Pars. 0041 , 0042), based on the weight of the 
asphalt/polymer mixture. Independent Claim L In an aspect, the metal of the metal salt 
is chosen from zinc, cadmium, mercury, copper, silver, nickel, platinum, iron, 
magnesium, and mixtures thereof. Claim 1 ; Par, 0041. Where the metal salt is a metal 
oxide, it is chosen from zinc oxide, calcium oxide and combinations thereof. Claim 3; 
Par, 0041. In an aspect, the compatibility of the asphalt and polymer composition 
prepared with the metal salt amount is improved as compared with the compatibility of an 
identical asphalt and polymer composition having a lesser metal salt amount. 
Independent Claim 1; Pars. 0021, 0041, A crosslinker may also be added to the asphalt 
mixture (Claim 6; Par, 0029), and includes elemental sulfur, mercaptobenzothiazole 
(MBT), thiurams, mercaptobenzimidazole, and mixtures thereof (Claim 7, Par, 0029); 
0-01 to 0.4 wt% of the crosslinker is added, based on the weight of the asphalt/polymer 
mixture (Claim 9, Par, 0029). In one aspect, the metal salt proportion is at least about 
five times greater than the crosslinker proportion. Claim 47; Par. 0042. Further, ground 
tire rubber (GTR) may also be added to the mixture of asphalt (Claim 35; Pars. 0044- 
0046) and ranges from about 1 to about 20 wt% of the mixture. Claim 50; Pars. 0044, 
0046. It has been found that the GTR and mixture of asphalt and an elastomeric polymer 
(Claims 1 1, 36; Par. 0020) is more homogeneous as compared to an identical mixture of 
GTR, asphalt and elastomeric polymer where a lesser amount of metal salt is used. 
Claims 13, 39; Pars. 0020, 0021. 
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As a further advantage, the asphalt and polymer compositions prepared with the 
metal salt amount have reduced gels as compared with the identical asphalt and polymer 
composition having a lesser metal salt amount, Claims 14, 40; Pars. 002 1, 0029). 

In an alternative embodiment, the method for preparing asphalt and polymer 
compositions includes: heating a mixture of asphalt and an elastomeric polymer, adding 
from about 0.05 wt% up to 5 wt % of a metal oxide such as zinc oxide, iron oxide, copper 
oxide, magnesium oxide, calcium oxide, and combinations thereof, where the 
compatibility of the asphalt and polymer composition is improved as compared with the 
compatibility of an identical asphalt and polymer composition having a lesser metal oxide 
amount. Claim 17; Pars. 0023, 0024, 0039, 0041-0042. In one aspect, a crosslinker 
(Claim 19; Pax. 0029) such as elemental sulfur, mercaptobenzothiazole (MBT), thiurams, 
mercaptobenzimidazole, and mixtures thereof is also added to the mixture (Claim 20; Par. 
0029). 

In another embodiment the method for preparing asphalt and polymer 
compositions includes: heating a mixture of asphalt and an elastomeric polymer, adding 
from about 0.05 wt% up to 5 wt% of a metal oxide, where the metal of the metal oxide is 
selected from Groups IIA and IIB of the Periodic Table (CAS notation) Pars. 0017, 0020, 
0041, adding ground tire rubber (GTR) to the mixture of asphalt and elastomeric polymer 
before or after the metal oxide is added, where the GTR and mixture of asphalt and 
elastomeric polymer is more homogeneous as compared to an identical mixture of GTR, 
asphalt and elastomeric polymer having a lesser amount of metal oxide. Claim 23; Pars. 
0023, 0024, 0039, 0041-0042. In an aspect, from about 1 to about 20 wt% of the GTR is 
added. Claim 24; Par. 0041. 

The invented asphalt composition includes; asphalt, an elastomeric polymer, and 
an organic or inorganic metal salt present in an amount from about 0.05 wt% up to 5 wt% 
based on the weight of the asphalt/polymer mixture; the metal portion of the salt can be 
zinc, cadmium, mercury, copper, silver, nickel, platinum, iron, magnesium, and mixtures 
thereof. Claim 26; Pars. 0018, 0023, 0024, 0041-0042. In an aspect of the invention, the 
metal salt is zinc oxide, calcium oxide, and combinations thereof. Claim 28; Par. 004 L 
The compatibility of the polymer modified asphalt (PMA) is improved as compared with 
the compatibility of an identical PMA having a lesser metal salt amount. Claim 30; Pars. 
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0021 , 0041 . In one aspect, a crosslinker chosen from elemental sulfur, 
mercaptobenzothiazole (MBT), thiurams, mercaptobenzimidazole, and mixtures thereof 
are added to the PMA, Claim 32; Par, 0029. Also, ground tire rubber (GTR) can also be 
added to the asphalt (Claim 35) in an amount of from about 1 to about 20 wt% of the 
PMA, Claim 36; Par. 0041 . A mixture of GTR and PMA is more homogeneous with 
0,05 wt% up to 5 wt% of the metal salt as compared to an identical mixture of GTR and 
PMA having a lesser amount of metal salt. Claim 39; Pars, 0020, 0021, 0044. In an 
aspect, a road is made from the PMA and aggregate. Claim 41; Pars, 0010, 0023, In 
another aspect, a roof is sealed with the PMA. Claim 42; Par, 001 0. 

In another aspect, the invented asphalt composition includes: asphalt, an 
elastomeric polymer, and a metal oxide chosen from zinc oxide, calcium oxide and 
combinations thereof, in an amount at least from about 0.05 wt% up to 5 wt% based on 
the weight of the asphalt/polymer mixture, where the compatibility of the asphalt and 
polymer composition is improved as compared with the compatibility of an identical 
asphalt and polymer composition having a lesser metal oxide amount. Independent 
Claim 43; Pars. 0022, 0024, 0041, 0042. In an aspect, the metal oxide is zinc oxide in an 
amount of from 0.05 to about 2 wt.% based on the combined amount of asphalt and 
elastomeric polymer. Claim 44; Par. 0042. In a further aspect, the PMA also includes a 

9 

crosslinker. Claim 45; Par, 0042. In an aspect, the crosslinker is chosen from elemental 
sulfur, mercaptobenzothiazole (MBT), thiurams, mercaptobenzimidazole, and mixtures 
thereof. Claim 46; Par. 0029, In a further aspect, the metal oxide proportion is at least 
about five times greater than the crosslinker proportion, Claim 47; Par. 0042. 

In a further aspect, the asphalt composition includes: asphalt, ground tire rubber 
(an elastomeric polymer), and metal oxide in an amount at least 0.05 wt% up to 5 wt% 
based on the weight of the asphalt/polymer mixture, where the metal of the metal oxide is 
selected from Groups IIA and IIB of the Periodic Table (CAS notation), and where the 
asphalt composition is more homogeneous than an identical mixture of GTR, asphalt, and 
elastomeric polymer having a lesser amount of metal oxide. Claim 49; Pars, 0017, 0020, 
0041. In an aspect, the GTR ranges from about I to about 20 wt°/o of the mixture. Claim 
50; Par. 0041. 
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A method of road building is also contemplated and includes adding aggregate to 
the invented asphalt composition and forming a road paving material, then using the 
material to form road pavement Claim 15; Pars, 0010, 0023, 

A method of sealing a roof is also contemplated and includes heating the asphalt 
composition and distributing it over at least a portion of a roof surface. Claim 16; Par. 
0010. 

Experimental Examples of the asphalts of this invention and the methods of 
making such asphalts are set forth in Pars, 0049-0086 and Tables I- VII. 
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Grounds of Rejection to be Reviewed on Appeal 

The prior art that was relied upon in rejecting the claims is limited to U.S. Patent 
No. 6,713,539 to Guo et al The grounds of rejection to be reviewed on appeal is whether 
the Examiner erred in rejecting Claims 1-3, 5-11, 12-20, 23-24, 26, 28, 30-32, 35-37, 39- 
47, and 49-50 under 35 U.S.C. § 103(a) as being unpatentable over Guo et al, U.S. Patent 
No. 6,713,539. 

In the arguments presented in this Brief, all of the claims do not stand or fall 
together. 
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Argument 

The Examiner erred in rejecting claims 1-3, 5-11, 12-20, 23-24, 
26, 28, 30-32, 35-37, 39-47, and 49-50 UNDER 35 U.S.C. §103(A) AS 
BEING UNPATENTABLE OVER GUO ET AL,, U.S. PATENT NO. 6,713,539 
BECAUSE GUO DOES NOT TEACH, SUGGEST, OR DISCLOSE THAT A METAL 
SALT OR A METAL OXIDE IMPROVES THE COMPAT ABILITY OF ASPHALT 
COMPOSITIONS. 

Claims 1-3, 5-11, 12-20, 23-24, 26, 28, 30-32, 35-37, 39-47, and 49-50 stand 
rejected under 35 U.S.C. §103(a) as being unpatentable over Guo et ah, U.S. 6,713,539. 
In the Final Rejection, the Examiner relies upon and references the § 103(a) rejection that 
was made in the previous December 12, 2005, Office Action. See Final Office Action at 
Page 3, Par. 2. The December 2005 Office Action states that Guo teaches a sulfur 
crosslinking agents at "column 3 lines 50+" and that the use of the sulfur crosslinking 
agent in combination with the oxide compounds is rendered obvious by the Guo at 
"column 3 lines 53+" where mixtures of the compounds are identified. See 12/12/2005 
Office Action at Page 3, Par. 12 - page 4, line 1. The Examiner further states that the 
incorporation of the ground tire rubber (GTR) is suggested by the dry rubber at "column 
3 lines 34+" and that the use of the composition for roads and roofing is obvious from the 
disclosure at "column 1 lines 13+." See 12/12/2005 Office Action at Page 4, lines 2-4. 

However, there is nothing in the Guo patent that teaches or suggests the features 
of the pending claims. First, Guo does not teach that adding from about 0.05 wt% up to 
5 weight % of a metal salt to an asphalt and polymer composition improves the 
compatibility of the asphalt and polymer composition as compared with the compatibility 
of an identical asphalt and polymer composition having a lesser metal salt amount, as 
recited in the pending claims. See Butler Claims 1, 26. Guo also does not teach that such 
compositions have reduced gel, as recited in the pending claims. See Butler Claims 14 
and 40. 

Second, Guo does not teach that adding from about 0.05 wt% up to 5 weight % 
of a metal oxide to an asphalt and polymer composition improves the compatibility of the 
asphalt and polymer composition as compared with the compatibility of an identical 
asphalt and polymer composition having a lesser metal oxide amount, as recited in the 
pending claims. See Butler Claim 17 et seq. and Claim 43 et seq. 
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Third, Guo does not teach that adding from about 0.05 wt% up to 5 weight % of 
a metal oxide selected from Groups IIA andllB of the Periodic Table to an asphalt, 
polymer, and ground tire rubber (GTR) composition improves the homogeneity of the 
asphalt composition as compared with the compatibility of an identical asphalt 
composition having a lesser metal oxide amount, as recited in the pending claims. See 
Butler Claim 23 et seq, and Claim 49 et seq. 

Fourth, Guo does not disclose or suggest Applicants' invention of using metal 
salts such as zinc oxide, mercaptobenzothiazole (MBT), and the zinc salt of mercaptoben- 
zothiazole (ZMBT) in about 0.05 wt% up to about 5 wt% in order to increase the 
compatibility of an asphalt and polymer composition. Rather, Guo teaches the use of an 
organic polar compound to improve asphalt characteristics. Guo states that: "[t]he 
addition of the cross-linking reagent during the mixing of the asphalt/polymer mother 
liquor permits the polymer in a good dispersion state to carry out the linking reaction 
with the organic volar compound in asphalt" (Emphasis added; See Col. 7, lines 7-10). 
Guo states that: "[t]he results of present invention shows that the addition of the organic 
polar compounds makes the asphalt and the polymer having double bonds form a 
continuous phase structure through the action of the organic polar compounds. 

Further, the comparative Example I in Table 3 of Guo shows the preparation of 
asphalt without the use of a polar solvent, Guo teaches the use of a poiysulfide - namely 
cycloheptathiaimine alkylphenol (see Guo Col 3, lines 63-65); however, that formulation 
was found to be unstable - and therefore unsuitable (see Guo Col. 9, lines 21-40), 

The prior art reference must teach or suggest all of the limitations of the claims. 
See, In re Wilson, 424 F.2d 1382, 1385, 165 U,S.P.Q. 494, 496 (C.C.P.A. 1970.) Thus 
there is no prima facie case of obviousness. Applicants' method of using from about 0.05 
wt% up to 5 weight % of a metal oxide or metal salt to increase the compatibility and the 
homogeneity of an asphalt composition as compared with the compatibility of an 
identical asphalt composition having a lesser metal salt amount, is novel and unobvious. 
This issue is similar to that decided inPerricone v. Medicis Pharm. Corp., 432 F.3d 1368 
(Fed, Cir. 2005) *. In Perricone, the prior art disclosed use of a skin cream to treat 



1 Although Perricone involved the appeal from a trial court decision, the same legal standards 
apply to the 35 USC § 103 issue in this appeal. One particularly relevant excerpt from that case 
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damaged and aged skin. The Federal Circuit held that use of the skin cream to treat skin 
sunburn was patentably new. Id at 1378-1379. Crucial to the court's reasoning was that 
"skin sunburn" was construed as part of a method step, and this method step was neither 
disclosed in the prior art nor inherent in it. Id Thus as in Perricone, Applicants' claimed 
invention is not the same method with a new use, but a new method. Similarly to 
Perricone, where the prior art reference was "silent" on the entire subject of sunburn, 
Guo is silent on the subject of using a metal oxide or metal salt to increase the 
compatibility and the homogeneity of an asphalt; thus, Applicants' claims are patentable. 
Perricone, 432 FJd at 1377, Therefore even in view of Guo, Applicants' invention is 
unobvious and patentable, and such rejections should be reversed. 

Conclusion 

In conclusion, the references of record, either or alone or in combination, nowhere 
teach, show or suggest the features recited in the pending claims. Thus, Appellants 
respectfully request reversal of the rejections of the pending claims. 



is reproduced below. "The issue is not, as the dissent and district court imply, whether Pereira's lotion 
if applied to skin sunburn would inherently treat that damage, but whether Pereira discloses the 
application of its composition to skin sunburn. It does not. This court explained in Catalina Marketing 
International, Inc. v. Coolsavings.com, Inc. that a patent to an apparatus does not necessarily prevent 
a subsequent inventor from obtaining a patent on a new method of using the apparatus. 289 F.3d 801 , 
609 (Fed.Cir.2002). New uses of old products or processes are indeed patentable subject matter. See 
35 U.S.C. § 101 (2000) (identifying as patentable "any new and useful improvements" of a process, 
machine, manufacture, etc.); In re King, 801 F.2d 1324, 1326 (Fed.Cir.1986) (principles of inherency 
do not prohibit a process patent for a new use of an old structure). That principle governs in this case 
as welL" Id At 1378. 

"Claim 1 of the '693 patent recites a new use of the composition disclosed by Pereira, i.e., the 
treatment of skin sunburn," /of. At 1378-79. "The disclosed use of Pereira's lotion, i.e., topical 
application, does not suggest application of Pereira's (otion to skin sunburn. In other words, the district 
court's inherency analysis goes astray because it assumes what Pereira neither disclosed nor 
rendered inherent Because Pereira does not disclose topical application to skin sunburn, this court 
reverses the district court's holding that Pereira anticipates claims 1-4 and 7 of the '693 patent." Id. At 
1379. 
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Appendix A 

Pending Claims 

Listing of claims: 

We Claim: 

1 . (Previously Presented) A method for preparing asphalt and polymer compositions 
comprising: 

heating a mixture consisting essentially of asphalt and an elastomeric polymer; 

adding from about 0.05 wt% up to 5 weight % of a metal salt based on the weight 
of the asphalt/polymer mixture, where the metal of the metal salt is selected from the 
group consisting essentially of zinc, cadmium, mercury, copper, silver, nickel, platinum, 
iron, magnesium, and mixtures thereof; and 

where the compatibility of the asphalt and polymer composition is improved as 
compared with the compatibility of an identical asphalt and polymer composition having 
a lesser metal salt amount. 

2. (Previously Presented) The method of claim 1 where the metal salt is a metal 
oxide. 

3. (Original) The method of claim 1 where the metal salt is a metal oxide selected 
from the group consisting of zinc oxide, calcium oxide and combinations thereof. 

4. (Cancelled). 

5. (Cancelled). 

6. (Previously Presented) The method of claim 1 further comprising adding a 
crosslinker to the mixture. 
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7. (Previously Presented) The method of claim 6 where in adding the crosslinker, 
the crosslinker is selected from the group consisting essentially of elemental sulfur, 
mercaptobenzothiazole (MBT), thiurams, mercaptobenzimidazole, and mixtures thereof 

8. (Original) The method of claim 6 where the metal salt proportion is at least about 
five times greater than the crosslinker proportion. 

9. (Original) The method of claim 6 where the crosslinker is present in an amount 
ranging from about 0.01 to 04 wt%, based on the weight of the asphalt/polymer mixture. 

10. (Original) The method of claim 1 further comprising adding ground tire rubber 
(GTR) to the mixture of asphalt and an elastomeric polymer. 

1 1 . (Previously Presented) The method of claim 10 where the GTR ranges from 
about 1 to about 20 wt% of the mixture. 

12. (Cancelled). 

1 3 . (Previously Presented) The method of claim 1 0 where the GTR and mixture of 
asphalt and an elastomeric polymer is more homogeneous as compared to an identical 
mixture of GTR, asphalt and elastomeric polymer having a lesser amount of metal salt. 

14. (Original) The method of claim 1 where the asphalt and polymer compositions 
have reduced gel, 

1 5 . (Previously Presented) A method of road building comprising combining the 
asphalt and polymer compositions made by the method of claim 1 with an aggregate to 
form a road paving material, and using the material to form road pavement. 



COS-890 1 sr Supplement to Appeal Brief ] 4 



MPR-13-2007 18:14 



TOTAL PETROCHEMICALS 



7134835384 P. 17 



16. (Previously Presented) A method of sealing a roof comprising heating the asphalt 
and polymer compositions made by the method of claim 1 and distributing it over at least 
a portion of a roof surface. 

1 7. (Previously Presented) A method for preparing asphalt and polymer compositions 
comprising: 

heating a mixture consisting essentially of asphalt and an elastomeric polymer; 

adding a metal oxide, where the metal oxide is selected from the group consisting 
essentially of zinc oxide, iron oxide, copper oxide, magnesium oxide calcium oxide and 
combinations thereof, and where the metal oxide is added in an amount at least from 
about 0-05 wt% up to 5 wt % based on the weight of the asphalt/polymer mixture; and 

where the compatibility of the asphalt and polymer composition is improved as 
compared with the compatibility of an identical asphalt and polymer composition having 
a lesser metal oxide amount. 

18. (Previously Presented) The method of claim 17 where the metal oxide is zinc 
oxide. 

1 9. . (Previously Presented) The method of claim 1 7 further comprising adding a 
crosslinker to the mixture, 

20. (Previously Presented) The method of claim 19 where in adding the crosslinker, 
the crosslinker is selected from the group consisting of elemental sulfur, 
mercaptobenzothiazole (MBT), thiurams, mercaptobenzimidazole, and mixtures thereof. 

21. (Cancelled). 

22. (Cancelled). 
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23 . (Previously Presented) A method for preparing asphalt and polymer compositions 
comprising: 

heating a mixture consisting essentially of asphalt and an elastomeric 
polymer; 

adding from about 0.05 wt% up to 5 wt% of a metal oxide, where the metal of the 
metal oxide is selected from Groups I1A and IIB of the Periodic Table (CAS notation); 

adding ground tire rubber (GTR) to the mixture of asphalt and elastomeric 
polymer before or after the metal oxide is added; and 

where the GTR and mixture of asphalt and elastomeric polymer is more 
homogeneous as compared to an identical mixture of GTR, asphalt and elastomeric 
polymer having a lesser amount of metal oxide. 

24. (Previously Presented) The method of claim 23 where the GTR ranges from 
about 1 to about 20 wt% of the mixture. 

25. (Cancelled), 

26. (Previously Presented) A polymer modified asphalt (PMA) consisting essentially 
of: 

an asphalt; 

an elastomeric polymer; and 

an organic or inorganic metal salt present in an amount from about 0.05 wt% up 
to 5 wt% based on the weight of the asphalt/polymer mixture, where the metal of the 
metal oxide is selected from the group consisting essentially of zinc, cadmium, mercury, 
copper, silver, nickel, platinum, iron, magnesium, and mixtures thereof. 

27. (Cancelled). 

28. (Original) The PMA of claim 26 where the metal salt is a metal oxide selected 
from the group consisting of zinc oxide, calcium oxide and combinations thereof. 
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29. (Cancelled). 

30. (Previously Presented) The PMA of claim 26 where the compatibility of the 
PMA is improved as compared with the compatibility of an identical PMA having a 
lesser metal salt amount. 

3 1 . (Previously Presented) The PMA of claim 26 further consisting of a crosslinker. 

32. (Previously Presented) The PMA of claim 3 1 where the crosslinker is selected 
from the group consisting of elemental sulfur, mercaptobenzothiazole (MBT), thiurams, 
mercaptobenzimidazole, and mixtures thereof. 

33. (Cancelled). 

34. (Cancelled), 

3 5 . (Previously Presented) The PMA of claim 26 further consisting of ground tire 
rubber (GTR). 

36. (Previously Presented) The PMA of claim 35 where the GTR ranges from about 
1 to about 20 wt% of the PMA. 

3 7. (Previously Presented) The PMA of claim 35 where the metal salt is zinc oxide. 

38. (Cancelled). 

39. (Previously Presented) The PMA of claim 35 where the mixture of GTR and 
PMA is more homogeneous as compared to an identical mixture of GTR and PMA 
having a lesser amount of metal salt. 

40. (Original) The PMA of claim 26 where the PMA has reduced gel. 
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4 1 . (Original) A road made from the PMA of claim 26 and aggregate. 

42. (Original) A roof sealed with the PMA of claim 26. 

43. (Previously Presented) A polymer modified asphalt (PMA) consisting essentially 

of: 

asphalt; 

an elastomeric polymer; 

a metal oxide present in an amount at least from about 0.05 wt% up to 5 wt% 
based on the weight of the asphalt/polymer mixture, where the metal oxide is selected 
from the group consisting essentially of zinc oxide, calcium oxide and combinations 
thereof; and 

where the compatibility of the asphalt and polymer composition is improved as 
compared with the compatibility of an identical asphalt and polymer composition having 
a lesser metal oxide amount. 

44. (Original) The PMA of claim 43 where the metal oxide is zinc oxide and the zinc 
oxide is present in an amount ranging from about 0.05 to about 2 wt.% based on the 
combined amount of asphalt and elastomeric polymer. 

45. (Previously Presented) The PMA of claim 43 further consisting of a crosslinker. 

46. (Previously Presented) The PMA of claim 45 where the crosslinker is selected 
from the group consisting of elemental sulfur, mercaptobenzothiazole (MBT), thmrams, 
mercaptobenzimidazole, and mixtures thereof. 

47. (Original) The PMA of claim 45 where the metal oxide proportion is at least 
about five times greater than the crosslinker proportion. 

48. (Cancelled). 



COS-890 1st Supplement to Appeal Brief 



MAR-13-2007 18:15 TOTAL PETROCHEMICALS 7134835384 P. 21 



49. (Previously Presented) A polymer modified asphalt (PMA) consisting essentially 

of: 

a mixture of asphalt and an elastomeric polymer; 

a metal oxide in an amount at least 0.05 wt% up to 5 wt% based on the weight of 
the asphalt/polymer mixture, where the metal of the metal oxide is selected from Groups 
IIA and IIB of the Periodic Table (CAS notation), and where the elastomeric polymer is 
ground tire rubber (GTR); and 

where the GTR and mixture of asphalt and an elastomeric polymer is more 
homogeneous as compared to an identical mixture of GTR, asphalt and elastomeric 
polymer having a lesser amount of metal oxide. 

50. (Previously Presented) The PMA of claim 49 where the GTR ranges from about 
1 to about 20 wt% of the mixture. 

51. (Cancelled). 
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Appendix B 
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\ . U.S. Patent No. 6, 713,539 (Guo et al). 
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ABSTRACT 



A storage-stable modified asphalt composition, which com- 
prises: 50-97,7 parts by weight o£ a base asphalt, 2.0-20.0 
pans by weight of a polymer having double bonds, 0.1*20.0 
parts by weight of a compau*bm"zer, 0.1-10.0 pans by weight 
of a cros&»linking reagent, and O.t-10-0 pans by weight of 
a organic polar compound, and the softening point difference 
of its product determined by the stability lest is lower lb an 
25° C. The process for preparing said modified asphalt 
composition is mixing 50-97.7 parls by weight of a base 
asphalt, 2.0-20.0 pans by weight of a polymer having 
double bonds, 0.1-20.0 parts by weight of a compatibilizcr 
0.1-10.0 parts by weight of a cross- Unking reagent, and 
0.1-10.0 parts by weight of a organic polar compound under 
certain conditions. Hie modified asphalt provided by the 
present invention has good storage-stability. The preparation 
process provided by the prcscpL invention is Simple, and 
there is no need for special apparatus. 

34 Claims, 1 Drawing Sheet 
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STORAGE-STABLE MODIFIED ASPHALT (such as styrenc) as an assistant added thereto in an inert 

COMPOSITION AND ITS PREPARATION environment to yield a sample with good stable perfor- 

PROCESS mance. There is a limit 10 the source of the raw material of 

the modified asphalt in this process, and styrene as an 
5 assistant is of no help in the dispersion of SBS in asphalt. In 
FIELD OF THE INVENTION addition, the reaction cost increases since a nitrogen envi- 

..... i i ronment is needed. 

The present invention is related to an asphalt composition ^ . ^ ^ x _ 

an d itt^aralinn process. Mow parlicul/rty, it k id la Nm. 5^705, 5,627,225 and 5,348,994 first 

a storagc-atable polymer-modified asphalt composition and ,„ use fiinmfc mUSim acid ot other sulfonating reagent to 

its preparation process. io sulfonate the raw asphah and the polymer mooter to 

r * r incorporate acidic groups into both of them, and then 

DESCRIPTION OF THE PRIOR ART neutralize with alkalis such as CaO, ZttO, etc as ncutral- 

, . , ... . .. j i j .• a izauon reageois. This process prolongs the preparation 

Asphalt materials have rapidly developed as paving and leases the production cost, and results in corru- 

dccoratiDg materials m the road and architecture sectors. 1S ^ of ^ mtttms L sulfonating reagents. 

However, the optimum performance properties ot asphalt .. _ _ „. „ . ... ... 

and its blend such as viscLlaslicity, placidly, adhesiveness, J> « S < P *<: No. 5306,750 discloses a process fcr Ma a 

etc. can not exert since they are affected by many factor*: polymer with asphalt, and a ^Xym^^phnlt^oducL 

Arnongvarmiisfact^ Tms process is to covalently react 0,05-2 wi % of an 

the season of high temperature, summer, ruts caused hy 20 cpoxriwDtonwg polymer with asphalt at a temperature 

racing vehicles on express highways are the major factor ? bovc l ™ [ ot ^nger than 1 h. No phase separaaon 

leading to the damage of the road surface, In winters, happened With the modified asphalt obtained by trus process 

fractures on the road surface resulted from the abruptly after storing m a drying oven at 163 C-177 C for 4 days, 

change of the temperature are the major causes for the U,S. PaU No. 5,331 ,028 discloses a polymer-modified 

transverse crack. In the rain seasons in the soulh> the ^ asphalt composition and its preparation process- The con- 

inuusion of the rainwater leads to the interaction of asphalt stitution of the corxrocsition is that the reaction product 

with the blend material at the interface, thereby lowering the derived hy the reaction between 100 parts by weight of 

adhesive performance of asphalt and making it easy for asphalt and 0.5-11 parts by weight of an ethylene copolymer 

asphalt to strip from me stones. Therefore, it is necessary to containing glycidyl accounts tor 80-99,7 wt %, and that the 

improve the Theological property of asphalt. Addition of a 30 slyrcne/copjugated diene block copolymer accounts for 

polymer is an effective way to improve the performance of 0.3-20 wi %. The process is to mix 70-99.2 wl % of asphalt, 

asphalu Addition of a polymer can enhance the viscosity and 05-10 wt % of the ethylene copolymer containing glycidyl, 

high temperature resistance, lower the low temperature and 0.3-20 wt % of a fityrene/conjugated diene block 

sensibility, and improve the low temperature performance ai copolymer, and to react at 170° C.-22Q° C. for 6-36 h to 

the same rime. 35 yield a reaction product. 

Asphalt modified by olefin polymers is reviewed in T. F. Although the compaiibiliLy of the polymer with asphalt 

Yen, el aL, Asphaltenes and Asphalts, J Developments in used in U.S. PaL Nos. 5,331,028 and 5,306,750 is rather 

Petroleum Science. The amount of the polymers is 6 wt good, the high preparation cost of the polymer and the 

and the stability of asphalt modified by various polymers is difficulty in reaction arc the major control factors, 

shown in Table 1, to One of the objectives of the present invention is to provide 

a storage-stable modified asphalt composition- 

TABLE 1 Another objective of the present invention is to provide a 

"~ " " ZZZ process for preparing the storage-stable modified asphalt 

Poller type APP jfg SDS composition 

PcnaLraUoo (25- C, 100 g, J33 J4$ 41 50 72 45 

s ft), dmm SUMMARY OF THE INVENTION 

Owning point ad 47 98 66 !>S ^ , Jmjs J 

(ring-and»bfii.} > ' c The present invention provides a storage-stable modified 
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Stobiuiy ibp ttoRc&iAg — 55 >ioo S7 >ioo asphalt composition, which comprises: 

lest potolj * C, 

(163" C, Bottom lofcening 
46 h) point, 4 C 

Soflan iivfl point 
difference, 0 C 



It can be seen from Table 1 that when APP (atactic $ s 
polypropylene), LDPE (tow density polyactcnc), EPDM 
(cthylcncpropylene-dicne ternary copolymer), SBS 



but Mphalt 


SO-07.7 parts 


by 


weight; 


polymer twving double tonda 


2.0-^O.Q part* 


by 


weight; 


oo jp pnubi iizfir 


0.1-20.0 parts 


by 


woi^hi; 


croa^ linking rengenl 


o.l-iu.o pare) 


by 


weight; 


ofgwiic polar compound 


0,3-10.0 pare 


by 


weight; 



(styrcne-butadiene-siyrene three-block copolymer) are and the softening point diHerence of its product deter- 

added to asphalt respectively, phase separation lakes place mined by the stability test is lower than 15° C. 

between most of the polymers and asphalt, thus directly 60 The present invention also provides a process for prepar- 

affcciing the performance properties of the asphalt-polymer jjjg ibe storage-stable modified asphalt composition, which 

compositioas, comprises mixing 50-97.7 parts by weight of a base asphalt, 

BP rf3 9630 A1 discloses a process Cor preparing Stable a 2.0-20.0 parts by weight of a polymer having double 

asphalt-polymer compnsitinas, wherein a raw asphalt with a bunds, 0.1-20.0 pans by weight of a compaiihilizcr, 

certain constitution is first screened as the raw material of 65 0.1-10.0 parts by weight of a cross-linking reagent, and 

the modified asphalt, and then reacted with the three block 0.1-10.0 parts by weight of a organic polar compound under 

polymer SBS as a polymer modifier and a vinyl aromatic certain conditions. 
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DETAILED DESCRIPTION OF THE foe metal manly refers to a divalent metal such as Ca, Mg, 

INVENTION Zn or Pb, etc* Said 'Symbolizing" sulfur-donaling cross- 
linking reagent is one selected from the group consisting of 

The present invention provides a storage-stable modified c a Q« MgO, ZnO, and PbO, or a mixture thereof, 

asphalt composition, which comprises: $ Said 0rgan i c po i ar compound mainly refers to a com- 
pound with polar groups which is one selected from the 

group consisting of amine, acid, phenolic resin and aldehyde 

buowphaii 50^7.7 pam by wcighi; compounds, or a mixture thereof 

polymer having dooblc bond* 2-0-20.0 psw by weigh; Said amine compounds mainly refer lo aliphatic amine 

cowpufbUfcwr f'WO,o ppru by wel&hij 1Q and aromatic amine compounds which is one selected from 

awM^bJ^ polyene r?ly«min 6 expounds. wh«cin to polyene 

b F y K 7 comprises di-, tn- and leiraethylenej and the polyannne 

comprises hexamethylene diamine, lelramine, pen ta-a mine, 

and the softening point difference of its product deter- or a mixture thereof, 

mined by the stability test is lower than 2,5° C, 15 Said acid compound is one selected from the group 

Said base asphalt is one selected from the group consist- consisting of carboxylic acid, acid anhydride, sulfonic acid, 

ing of petroleum asphalts, coal-tar asphalts, tar sand asphalts boric acid, and phosphoric acid compounds, or a mixture 

and native asphalts, or a mixture thereof, wherein the thereof. 

petroleum asphalt is one selected from the group consisting Said carboxylic acid compound is one selected from the 

of straight-run asphalts, asphalts obtained by solvent *° grnil p consisting of aliphatic acids and aromatic acids, ur a 

deasphaldng, oxidized asphalts, and blended asphalts, or a mixture thereof. 

mixture thereof. Said straight-run asphalt is an atmospheric Said acid anhydride compounds arc pblhalic anhydride 

residue or vacuum residue obtained through atmospheric and its derivatives or maleic anhydride and its derivatives, 

distillation or vacuum distillation, the Penetration of which f^c general formula of said sulfonic compounds is: 

at 25° C. is 20-300 dmm (i.e. Viomm). Said asphalt obtained 25 

by solvent deasphalting is a deoiled asphalt obtained by ^— ^ 

extracting a residue with one of the C3-C5 hydrocarbons or a,— ^ \_$o s h 

their mixtures. The Penetration of the deoiled asphalt at 25° J \ / s 

C, is 5-200 dmm, /\ 

Said polymer having double bonds is a block polymer of 30 R2 r 3 
slyrene-butadiene in a ratio of 20-45:80-55 which mainly 

refers to the SBS type. The structure of SBS is star or linear, , • « t> a d u ^_r-u^i 

the molecular weight of which is in the range of 100,000 to wb * f ? m *p aad or a Cj , s . alKyL , , . r 

350,000, Theblockpolymercanroeeitheradryrt^ f fl ^ P*«Pf»nc acjd compound is one sebekd torn 

oil-cxtended polymer wherein 2^0 wt % weight of oil is » Phosphoric acid, phosphorous acid, modified polyphon- 

exiended phone acid, and phosphate compounds, or a mixture thereof . 

_ . " . . . h . Said phenohc resm compound is one selected from form- 

Said compatibiUzer js one selected from the group coo- Mth & alkylphcIlol rcsincompounds, wherein the alkyl is 

sating , of styrene Ur tall oil acid-con laming tall oil, cala- p _ tcn . bmyl or r p _ tcn ociyl paraffinic group. The polar 

ly tartly cracked oil slurry, heavy deasphalled oil, extracted ^ QCtef0 _ alojn ^ aLi0 desired, wherein said 

oil obtained by solven reflmng, naphthemc acid, naphihenic forrnaldeh dc 7 rcfiin c^pp^ formaldehyde 

oil, white oil, and coal tar fractions, or a mixture thereof. pbcnol ^ faaving ^ Qf oxyg&n alQm COfllaininfe arkyL 

Said cross-linking reagent is one selected from the group gaid aldehyde compound is one selected from glycidic 

consisting of crystallized sulfurs, activated sulfurs, sulfur- aldehyde, formaldehyde, binary aldehydes, and furfural, or 

donors, and "symbolizing" sulfur-donating cross-linking 4 $ a mixture thereof, wherein the binary aldehydes are 

reagents, or a mixture thereof. Said activated sulfur is a p . p hihahc aldehyde and ils derivatives or m-phihalic aide- 

sulfur powder, a colloidal sulfur, or a mixture thereof. Said hyde and ils derivatives. 

colloidal sulfur is a colloid with an average diameter of 1-5 Th. c present invention also provides the process for pre- 

fun prepared by mixing sulfur powder or precipitated sulfur par j n g a storage-stable modified asphalt composition, which 

with a dispersion rcagenl and then grin d ing* Hie sulfur $ q comprises: mixing 50-97.7 pans by weight of a base 

donor is one selected from the group consisting of sulfur- asphalt, 2.0-20.0 pits by weight of a polymer having 

containing morpholimum compounds, thiuram compounds, double bonds, 0.1-20.0 pans by weight of a compatibilizer, 

and polysulGdes, or a mixture thereof. 0,1-10.0 parts by weight of a cross-linking reagent, and 

The general formula of the thyuram compounds is: 0.1-10.0 parts by weight of a organic polar compound under 

55 certain conditions, 

r, & r, Said compatibilizer can be first mixed with the base 

\ II / asphalt, or with the polymer having double bonds, or wjtb 

N c s, ch ^ me mixture of me polymer having double bonds and the base 

R2 o asphalt; or said compatibilizer can be added at last, said 

60 compatibilizer can be added either once or twice. Said base 

, « _ « „ « « , asphalt can also be added either once or twice, 

wherein x-1-4, R„ 1^, R 3 , and R 4 : a C,-C 4 alkyl. MWng of varjous comp onenls can be sialic, dynamic, 

Polysulfides: Rj— (S)„— R 2 , R lt Rz is a aliphatic or grinding, or vigorous stirring, 

aromatic heterocyclic group, such as cycloheputhiaiminc The process provided by the present invention will be 

alkylphcnol, alkylphenol monosuilide. 65 fliustralcd below with four embodiments, but the process 

Said Symbolizing" sulf ur-donating cross-linking reagent provided by the present invention is not limited to the three 

mainly refers to a metal oxide cross-linking reagent, wherein embodiments. 
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Embodiment 1; a, compatibilizer al 10° C-250 0 C, for 01-72 b lo 

The process provided by the present invention comprises yield the treated polymer having double bonds; 

Lhe following steps: (2) heating 50-97-7 parts by weight of the base asphall io 

(1) contactiiig the base asphall with the compalibilizcr a I iqO° C.-250* G; 

100° C.-250 0 C, for 0.1-6 h to yield the treated base 5 (3) m<V ; ng m6 polymer havin g double bond s with 

asphalt; lhe heaied bas6 hah fof q.1-6.0 h to yield an asphall 

(2) mixing the treated base asphall wuu the polymer molhcr H ^ raaimaini mc temperature of the 
having double bonds for 0,1-10 b to yield the asphalt afiphaU ^ ^ ^ at 100 o & c .^qo £ . 

(3) m addneT cross-Unking reagent, organic polar 30 < 4 > * d6 W °'^ Q *T ^ ^ ^ rT^??ft 
V compound, and optional base asphalt b the a^hali *W 0-1-10.0 par* by weight of the organic 

mother liquor al 100 5 * C-250* C to react for 5-300 compound into the asphalt mother liquor to react 

min, yielding the modified asphall composition. 5-300 mm, yielding the modified asphalt coropo- 

In (his embodiment, said base asphalt, polymer having siu'on. 

double bonds, compatibilizer, cross-Unking reagent, and 15 Said base asphall in the aforesaid process is one selected 

organic polar compound account for 50-97.7 parts by from the group consisting of petroleum asphalts, cgal-lar 

weight, 2,0-20.0 parts by weight, O.J-20.O pari* by weight, asphalts, tar sand asphalts and native asphalts, or a mixture 

0.1-30.0 parts by weight, and U.l-lO.O parts by weight of thereof, wherein the petroleum asphall is one selected from 

the modified asphalt composition, respectively, The weight the group consisting of straight-run asphalts, asphalts 

ratio of the base asphalt in 5tcp (3) lo that in step (1) is obtained by solvent deasphalling, oxidized asphalts, and 

0-50:100-50. ™ blended asphalts, or a mixture thereof The straight-run 

Embodiment 2: asphalt is an atmospheric residue or vacuum rosiduc 

The process provided by the present invention comprises obtained through atmospheric distillation or vacuum 

the following steps: distillation, the Penetration of which at 25° C. is 20-300 

(J) contacting the base asphalt wjth the cnmpaiibitizcr at dmm (i.e. Vio mm), lhe asphalt obtained by solvent deas- 

100° C-250° C. tor 0.1-6 h to yield the treated base 25 phalting is a deoiled asphalt obtained by extracting a residue 

asphall; wilh one of the C 3 -C 5 hydrocarbons or their mixtures. The 

(2) mixing the treated base asphalt witb the polymer Penetration of the deoiled asphall at 25° C. is 5^200 dmm, 
having double bonds for 0-1-10 h to yield the asphall Said polymer having double bonds is a block polymer of 
mother liquor, M styreoeAjuladicBe a ^ 0 0 f 20-45:80-55, which mainly 

(3) adding the cross-linking reagent, organic polar refers to the SBS polymers. The structure of the SBS is the 
compound, and optional compatibilizer to the asphall slar or linear, the molecular weight of which is in the range 
mother liquor at 100° C.-25G 0 C. lo react for 5-300 of 100,000 to 350,000. The block polymer can be cither a 
rain, yielding die modified asphalt composition. dry rubber, or an oil-cxtended polymer wherein 2r-60 wt % 

In this embodiment, said base asphalt, polymer having 35 of oil is extended, 
double bonds, compatibilizer cross-linking reagent, and Said compatibilizer is One selected from the group con- 
organic polar compound account for S0-°7.7 parts by sisting of styrene lar, tall oil, acid-containing tall oil, cata- 
weight, 2.0-20.0 parts by weight, 0.1-20.0 parts by weight, lytically cracked oil slurry, heavy deasphalted oil, extracted 
0.1-10.0 parts by weight, and 0.1-10.0 parts by weight nf oil obtained by solvent refining, naphthenic acid, naphthenic 
lhe modified asphalt composition. The weight ratio of the 40 nil, white oil, and coal tar fractions, or a mixture thereof, 
compatibilizer in step (3) to that in step (1) is 0-50:100-50. The addition of the compatibilizer into me system can 
Embodiment 3: enhance the compatibility of the polymer in asphall. Since 
The process provided by the present invention comprises the compatibilizer itself has good iniersolubilily with both 
the following steps: the polymer and asphalt, it can increase the compatibility 

(1) mixing the base asphalt al 100° C.-2S0 0 C. with the « with both. 

polymer having double bonds for 0.1-10 h lo yield the " Said cross-linking reagent is One Selected from the group 

asphall mother Uquor; consisting of crystallized sulfurs, activated sulfurs, sulfur- 

(2) contacting ihe asphalt mother liquor at 100° C.-250 0 donorc ' "symbolizing" sulfur-donating cross-linkmg 
C. with lhe compalibiUzer at 100-250° C. Cor 0.1-6 h reagents, or a mixture thereof Said activated sulfur is a sulfur 
to yield the treated asphalt mother liquor; 5D i *? M H m SP* or a ^him Jheiwf. Said col- 

(3) adding the cioss-linking reagent, organic polar kmal ^fur is a colloid with an average diameter of 1-5 /on 
compound, and the optional base asphall 10 the treated ,** mwra * ■^P"*" « ^pm^italcd sulfur wilh 
asphalt molhcr liquor 10 read for 5-300 min, yielding a «^*» rea S^ ™ d * CT1 « nndl . D * ™ c ;^ ltvr d ° no T » 
the modified asphalt composition onc * ]ccic * hwn lhc ^ 0U P «0«*n8 °* SUltut-COn taming 

In this embodiment, said base asphalt, polymer having 55 oorpholinium compounds thiuram compounds, and 

double bonds, compatibilizer, crossing reagent, and PO^suWdes, or a mixture thereof, 

organic polar compound account for 5(M>7.7 parts by ™ e e eflWal fomula of * e ltartB1 W "»P«* « 
weight, 2,0-20,0 pans by weight, 0.1-20,0 parts by weighs 

0.J -10.0 parts by weight, and 0.1-10.0 parts by weight of R ^ || 

the modified asphak composition, respectively. The weight so N— C— CH— Nt 

ratio of the base asphalt in step (3) to that in step (1) is / |j V 

0^-50:100-50. R * 0 
Embodiment 4: 

The process provided by the present invention comprises wherein x-1-4, R t , R a , R a , and R«; a Cj-C^ alkyl. 

lhe following sieps: 6S Polysulfldes: R^S),,— R 2 , R„ Ra is a aliphatic or 

(1) contacting 2.0-20.0 pans by weight of a polymer aromatic heterocyclic group, such as eycloheptath iniminc 

having double bonds with 0.1-20.0 parts by weight of alkylphenol, alkylphenol monosulfide. 
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The "symbolizing" sulfur-donating cross-linking reagent provided by the present invention is simple and needs no 

mainly rcfeis to a rnclaJ oxide cross-linking reagent, wherein special apparatus. The modified asphalt composition can be 

the meial manly refers to a divalent metal such as Ca, Mg, directly used in rainy and wet areas without using anii- 

Zn» Pb, etc. Said "symbolizing" sulfur-donating cross- stripping reagents to increase the adhesive capability 

Unking reagent is one selected from one of the group $ between the stone and asphalt since it has a high viscosity, 

consisting of CaO, MgO, ZnO, and PbO, or a mixture ' adbesives, sod strong wrap ability for stone. The modified 

thereof. asphalt composition prepared by the process provided by the 

The addition of the cross- linking reagent during the present invention can also be used as a basic raw material of 

mixing of the asphalt/polymer mother liquor permits the emulsified asphalt, which may be realized by adding a 

polymer in a good dispersion state to carry out the linking certain proportion of water and an emulsifier. 

reaction witb the organic polar compound in asphalt. Thus DESCRIPTION OF THE DRAWINGS 

the polymer can exist in a stable network structure, and the , , . „ A , 

further aggregation and stability of the polymer arc pre- PIG. 1 as an electronic microscope image of a modified 

vented asphalt composition of one example of the present raven- 

Said organic polar compound mainly refers to a com- twn > 
pound witb polar groups, which is one selected from the * WG. 2 is an electronic microscope image of a modified 
group consisting of amine, acid, phenolic resin and aldehyde a *P haU compos lion of one comparative example, 
compounds, or a mixture thereof Ttw modified asphalt composition and the process pro- 
Said amine compounds mainly refer to aliphatic amine yMod by the present invention will be further iUuslruled 
and aromatic amine compounds which is one selected from bcl °* in ?™bmBU ? n with the examples, but the present 
polyactene polyamine compounds, wherein the polyactenc » 1QV ^ 0D 15 not 
comprises di-, tri- and telraethylene; and the polyamine EXAMPLES 
comprises hexamethylcnc diamine, tetracaine, penta-amine, Tj ase asphalts A and D used in the present invention were 
or a mixture thereof. a straight- run asphalt and a asphalt by propane dcasphalting, 

Said acid compound is one selected from the group the properties of which are shown in Table 2. The SIRS 

consisting of carboxylic acid, acid anhydride, sulfonic acid, 25 polymer was 1403 produced by Beijing Yanshan Pclro- 

boric acid, and phosphoric acid compounds, or a mixture chemical Co. The colloidal mill was FD3/60-20 produced by 

thereof, Shanghai Fluko Electromechanical Equipment Co, Stability 

Said carboxylic acid compound is one selected from tbe test was made according to the method provided by ASTM 

group consisting of aliphatic acids and aromatic acids, or a n 5892*96a, and the softening point was determined accord- 

mixlure thereof. ing to the method provided by GB/T 4507. 

Said acid anhydride compounds are phtbalic anhydride 

and its derivatives or maleic anhydride and its derivatives. txampie 1 

The general formula of said sulfonic compounds is: The present example illustrates the case wherein the 

modified asphalt composition Was prepared by treating the 

a ^ 35 base asphalt with the compatibilizer. 

K, — ff \ — sotf First, 10 360 g of baso asphalt A at 190° G is added 120 

\ / g of acid-containing taU oil (produced by Liaoning Petro- 

/ f chemical Fiber Plant, the same below), and the mixture was 

Ra i 3 mixed at 180° G for 1 h. Then to the treated base asphalt A 

40 were added in sequence 90 g of SBS, IS g of colloidal sulfur 
(produced by Maoming Petrochemical Co. the same below), 

Ri, R2, R 3 -H or a Ci-Cs alkyL and 12 g of maleic anhydride (produced by Lanzhou Chemi- 

Said phosphoric acid compound is one seleaed from ca] Indufitr ^ ^ ^ 5amc Wow ) t and the mixture was 

polyphosphoric acid, phosphorous acid, modified polyphos- ^ c[cd al 12(J o c for 6 ^ yfcifog mc modified asphalt 

phoric acid, and phosphate compounds, or a mixture thereof. 45 composilioni mc properties of which are shown in Table 3. 

Said phenohc resin compound is one selected torn form- ft C8Q bc ^ ^ Tftblc 3 mal ±Q ^ diffcr . 

aldehyde alkylphenol resin compounds, wherein the alky is ^ dclBnnincd by ^ sVabilily M iR 0XlXy y C . 

p-lert-bUlyl or p-terl-OCtyl paraflinic group. The polar ' 

helero-atom containing alkyl is also desired, wherein said Example 2 

formaldehyde alkylphenol resin comprises formaldehyde 5u The present example illustrates the case wherein the 

phenol resin having sulfur or oxygen atom conUining alkyl modified asphalt composition was prepared by adding tbe 

Said aldehyde compound is one selected from the group compatibilizer twice, 

consisting of glycidic aldehyde, formaldehyde, binary First, lo 360 g of base asphalt A at 190* C. is added 6X1 g 

aldehydes, and furfural, or a mixture thereof, wherein the 0 r acid-containing tall oil, and the mixture was mixed at 

binary aldehydes are p-phlhalic aldehyde and its derivatives ss jgQ= £ £ or j 0 '^ CD i0 tbc treated base asphalt A were 

or m-phthalic aldehyde and its derivatives. addcd & sequence 90 g of SBS, 18 g of colloidal sulfur, 12 

The function of adding organic polar compounds in the g of a0 hydridu, and 60 g of acid-containing tall oil, 

present system is lo promote the reaction of the cross-linking and lbc mixture was reacted at 220° C for fi n, yielding tbe 

reagent. The results of present invention shows that the mo dified asphalt composition, Ihe properties of which are 

addition of the organic polar compounds makes the asphalt tfo B hown in Table 3. It can bc seen from Table 3 that the 

end the polymer having double bonds form a continuous softening point difference determined by Ihe stability test is 

phase structure through the action of the organic polar on i v C. 
compounds. 

The modified asphalt composition prepared by die process Example 3 

provided by trie present invention has good storage-stability, 65 The present example illustrates the case wherein tbe 

its softening point difference determined by the stability modified asphalt composition was prepared by treating the 

method being lower than 2,5° C. The preparation process asphalt mother liquor with the compatibilizer. 
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470.3 g of base asphalt A ai 160° C. is mixed wiih 143 Example 6 

g of SBS for 2.0 h yielding 484.6 g d Jan asphaJl [mother ^ , , e illustrates the case wherein the 

hquor Tothe asphalt moU»rJ^ moM £ asphalt composition was prepared by adding the 

g of styrene tar, and the mixture was mixed at 180 C, for b asohall twice 

05 h, yielding a ircalcd asphalt mother liquor To the treated 5 ~. * " ' , ... 
™k«ie ^1. ii„„«r «™ Bf M»ri a c „ „f ^uur.iUn 379.8 g of base asphalt A at 180* C. is ra«cd with J.4.7 

&i£ttlS*!^ 1 * « * ^ 394.5 f - « ^ — 

same below) and 10 g of polyphosphoric acid (produced by asphalt mother liquor ai 180 C. was added 2,5 

Jilin Chemical Industry Co. ihe same below), and the 6 of ^y^y c«krf oil slurry and the mixture was 

mixture was reacted for 150 min, yielding the modified id at ^ C * fo1 ^ h - ***** a ^ alcd "Pbalj mother 

asphalt companion, the properties of which are shown in *f™- * * c f ** halt m °* cr ^ T ^ -M 

TaWa.ThcmicrasuW^ ? f disulfurized I ctoorfoune (produced by Jfiin Chemical 

sition can be identified by the image of the microscope. It W / ° ' ?*T. E^ ph ? n ? ? * ^ 

can be seen from Table 3 that the softening point difference produced by Jfln Chemical Industry 

determined by the stability test is only 1 cTplG. 1 shows u 95-0 g of base aspha , , A. and the mixture was 

the SBS polymer distributed uniformly in the modified m " cd al 180° C. for 0.5 fa, yielding the modified asphalt 

asphalt composition, and the polymer forming a continuous composite. The properties of which arc shown in Tabic 4. 

phase, that means the modified asphaU composition is very " «» Table 4 that the softening point differ- 

* 1 ence determined by the stability test is only 2° C. 

Comparative Example 1 iU Example 7 

Compared to Example 3, no organic polar compound is The present example illustrates ihc case wherein The 

added in the present comparative example. modified asphalt composition was prepared by adding the 

479.7 g of base asphalt A at 200° C. is mixed with 143 compatibilizer at last, 

g of SBS for 0.5 h> yielding 494,0 g of an asphalt mother * s 474.8 g of base asphalt A at 1&5° C is first mixed with 

liquor. To the asphalt mother liquor at 120° C. was added 5.0 14.7 g of SBS for 2.0 h, yielding 489-5 g of an asphalt 

g of styrcne tar, and the mixture was mixed at 200° C. for mother liquor. To the asphalt mother liquor at 180° C. was 

0.5 h, yielding a treated asphalt mother liquor. To the treated added in sequence a mixture of 5 g of dwulfurized tctrabMyl 

asphalt mother liquor was added 0.5 g of th.uram (produced by Qingdao Chemical Plant, Shandong) 

cyclohputhioimine, and the mixture was reacted for 150 30 and 3 g of p-lolutnesulfonic acid (produced by Nanjing 

min, yielding the modified asphalt composition. The micro- Huajing Group Co.), and 25 g of calalyueally cracked oil 

structure of the modified asphalt composition can be iden- slurry, and the mixture was mixed at 180° C\ for 0,5 h, 

tified by the image of the microscope. Its properties are yielding the modified asphalt composition, the properties of 

shown in Table 3. It can be seen from Table 3 thai the urbicharc5hownmT^blc4.Ilcanbeseen£romThble4that 

softening point difference determined by the stability test is as the softening point difference determined by the stability test 

as high as 45° C FIG. 1 shows the SBS polymer distributed is only 1° C 
in the modified asphalt composition in flocculalion stale; the 

asphalt forming a continuous phase, and the polymer having Example 8-11 

the tendency to aggregate, that means Ihe modified asphalt Example 8-11 illustrate the case wherein the modified 

composition is not stable, 40 aepbslt compositions were prepared by treating polymer 

example 4 having double bonds with different kinds of compatibilizers. 

The present example illustrates the case wherein the Example 8 

^^J^^A^X^ trCaUD8 <s A35 e of SBS was contacted with 75 g o£ the heavy 

asph.ll motbe liquor w,h the compaUbihzer. « deaq,balledoUal80»C.lbr2h.. W l«hw,totheuertedSBS 

? cLH u " P £f 1 A JL 150 r C t " UXM ' WUh . 135 wen: added 385 g of base asphalt A, 1.5 g colloidal sulfur 

6 of SBS for 3.0 h. yieMing 450 g of asphalt mother liquor d ^ f g fc anhyoridc m tcaei al 180° C for 2 b, 
To the asphalt mother honor al 150' C. was added 90 g of yielding a modified asphalt composition, the properties of 
white oil, and the mixture was mixed at 1S0T C for 0.5 fc ^ », sbown ^ Tlble 5 , j t can be xeo bo £ TMe 3 that 
yielding a seated asphalt mother liquor, lb the treated » toKte^pMtiBnuattotombti by the stability test 
asphalt mother uquor were added 30 g of zinc oxide is only 2.5° C 

(produced by Huangyan Chemical Plant, Jiangsu) and 30 g y 

of bexamcthylcnc diamine (produced by Lanzhou Chemical Example 9 

Industry Co.), and the mixture was reacted for 60 min, 

yielding the modified asphalt composition, the properties of H 15 g of was contacted with 2i g of naphthemc oU at 
which arc shown in Table 4. It can be seen from Table 4 that ^° C. for 48 b an d then to the treated SBS were added 479 
the softening jwnldifereDcedeicnnmedby the subility test f °* base asphalt A, 1 g # ijiono^tun^ alkylpbenol 
is only 0.5° C. (produced by Beijing Chemical Plant) and 2.5 g of poly- 
w v W/ . , phasphoric acid produced by Beijing Chomical Plant) to 
Examples 60 al 150 0 C, for 3 b, yielding a modified asphalt 
The operation procedure, operation conditions, and the composition, the properties of which are shown in Table 5. 
contents of various components in Example 5 are the same It can be seen from Table 5 that the softening point differ- 
as those in Example 4, except that base asphalt A is replaced ence determined by the stability test is only 2* C. 
by base asphalt The properties of the prepared modified p . fl 
asphalt composition are shown in Table 4. It can be seen 6S 

from Table 4 that the softening point difference determined 15 g of SBS was contacted with 30 g of calalylically 

by the stability test is only 0.5° C. cracked oil slurry at 100 n C. for 7 h, and then to the treated 
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SBS were added 450 a of base asphalt B, 25 g zinc oxide 
(produced by Beijing Chemical Plant), and 25 g of phenyl 
formaldehyde (produced by Yanshan Petrochemical Co.) to 
react ai 200° C for 1 h, yielding a modified asphalt 
composition, ibe properties of which are shown in Table 5. 
It can be seen from Table S thai the softening point differ- 
ence determined by the stability lest is only 1° C. 

Example 11 

75 g of SBS was contacted with 100 g of slyrene tar at 
150* C. for 2 h, and then xo the treated SBS were added 275 
g of base asphalt B, 25 g crystallized Sulfur (produced by 
Beijing Chemical Plant.) and 25 g of phlhalic anhydride 
(produce by Qingdao Chemical Plant, Shandong) to react at 15 
170° C for 2.5 b, yielding a modified asphalt composition, 
the properties of which are shown in Table 5. It can he seen 
from Tabic 5 that the softening point difference determined 
by the stability test is only 1° C. 

20 

TABLE 2 

Diue upbalt 



12 



TABLE 4- continued 



No. 


Ex. 4 


EjcS 


Px.6 


Ex, 7 


S Vbcoaily (135° C) r canualoku 
Adhesive loughucfiS (25* C), N.m 
TWn aim oveo (103° C,,5h) 
Rntio of Penecrolioo, % 
UuctiJily <5' C), on 


992 
1S.2 

7$J 
63 


1035 
21.2 

83.1 
53 


1532 
25.2 

76.1 
41 


1438 
23.3 

714 
d2 


10 










TABLE 5 








No. 


m. & 


EX. 9 


Ex. 10 


Ex. 11 



Penotratioa (25* C, 100 g, S $), dmm 
Softening point (ring-ami boll), 9 C. 


69 


90 


46 


475 


Ductility (15° C.j 5 Crn/min), cm 


►J 50 


>150 


Vtoxmty (135° G), ceotbrokt* 


732 


455 


Adhesive toughness (25° C), N-m 


4\3 


3.2 


Saturates, wt % 


18_5 


7.4 


Arumuliia, wL % 


313 


51.5 


Kesld, ^ ft 


3SJ 


31.6 


Asphnllenc, wt % 


14.9 


9.3 



TABLE 3 



No, 



Ex. 1 Ex.2 Ex. 3 



Connp. 

Ex. 1 



Base asphali A, wi % 
SHS, wi % 
compalibilizer, wi % 
Croivlinlann, reagent, wt 5& 
Organic poliir Compound, wl % 
Product pfOpCKtM 

Penetration (25* C), dram 
Softening point (ring'and-ball), 
B C. 

Ducu'lUy (5° C, 5 cnVmln), cm 
Su>buisy test, * C 

Vuco&ity (135" C), ccnliitokrs 
Adhesive cougimeu (25° G), N.m 
Thin 01m oven (163 w C, S b) 
Ratio of Pena Initio n, % 
Ductility (5* C), cm 



60.0 
15.0 
20.0 
3.0 
2.0 



60.0 
15.0 
20.0 
3.0 
2.0 



94.06 

2,96 
0.9S 

ai 

2.0 



96.04 
2,66 
1J3 
0.1 
0 



50 


52 


67 


65 


96.2 


S8.S 


5S.5 


55.5 


43 


38 


35 


38 


2.0 


2,5 


1 


45 


2132 


2003 


WO 


1002 


32,2 


28.5 


15.3 


13.2 


P2 


94 


67.5 


63.4 


25 


245 


22 


2fl 



TABLE 4 


No. 


Hx.4 


Hi. 5 


Rr, 6 


Rx,7 


Base asphalt, wt % 
SBS, wi 

Ccmpalihilixer, wt % 
Cr&S*-linling rcaganl, wt % 
Orgnnio polar compound, wt % 
Piaduei prtvotflic* 


A/723 
2.2 
35.0 
5.0 
5.0 


A/94,06 
2,91 
0.93 
0.1 

2 


B/95.0 
2.9 
0.5 
1.0 
0.6 


B/95,0 
2.9 
0.5 
1.0 
0.6 


PeneimtioB (25* L\), dmm 
Softening point (ring-nod-ball), 

0 c 

Duolility (5 W C, 5 onvjtun), con 
Stability tut, " C. 


58.5 


S3 
61 S 


62 
76.3 


61 
7*.4 


86 
0.5 


64 

0.5 


54 

10 


48 

1.0 



25 



30 



Bmo a up ball, wt % 


A/77 


A/95.8 


D/90 


11/55 


StfS, wt # 


7 


3 


3 


15 


comprvubilizer, wi % 


15 




6 


20 


Oo«.HnWng rcAgcm, wt % 


0.3 


0.2 


0,5 


5 


Organic polar compound, wl % 


0.7 


05 


0.5 


5 


Product p/eperliefl 










Ponelmlion (25° C), dmo* 


45 




85 


75 


Softoning point (ring- ami-ball), 

°c. 


92 


585 


So 


74,3 


Duatiiiy (5* C, 5 cm/mln), cm 


05 


42 


S3 


54 


Stability tea, " C 


24 


2-0 


1.0 


1.0 


VbcDoiiy (135* C), ajnlialoktfa 


1695 


975 


876 


2658 


Adh«ivc toughow £5° C), Mm 


312 


16.tf 


14,2 


33.5 


Thin Film Oven (163" C, 5 h) 










Ratio of Panoaauon, % 


.05,3 


76,5 


68.5 


86.8 


Dutlilily (5° C), cm 


46 


3? 


30 


35 



35 



40 



What is claimed i& 

1. A storage-stable modified asphalt composition! which 
comprises: 

base asphalt 50-97.7 parts by weight; 
polymer having double bonds 2.0-20.0 parts by weight; 
compatibilizer 0.1-20.0 parts by weight; 
cross-Jinking reagent 0-1-10.0 parts by weight, wherein 
said cras^-linking reagent is one selected from The 
group consisting of crystallized sulfurs, activated 
fculfurs, sulftir-donors, "symbolizing" sulfur-donating 
cross-linking reagents, and a mixture thereof, 
organic polar compound 0*1-10,0 pans by weight, 
and Ibe softening point difference of it* product deter- 
mined by the stability test is lower than 2.5° C. 

2. The modified asphalt composition according IQ claim 1, 
45 wherein said base asphalt is one selected from the group 

consisting of petroleum asphalts, coal-Lar asphalts, tar sand 
asphalts, and native asphalts, or a mixture thereof, wherein 
the petroleum asphalt is one selected frora tbe group con- 
sisting of straight-run asphalts, asphalts obtained by solvent 
50 deasphaltjng, oxidized asphalts, blended asphalts, and a 
mixture thereof. 

3. The modified asphalt composition according to claim 1, 
wherein said polymer having double bonds is a block 
polymer of styrene and butadiene in a ratio of 20-45:80-55. 

55 4. The modified asphalt composition according to claim 1, 
wherein said compatibilizer is one selected from the group 
consisting of styrene tar, tall oil, acid-containing tall oil, 
calalylically cracked oil slurry, heavy dcaspbaltcd oil, 
extracted oil obtained by solvent refining, naphthenic acid, 

60 naphthenic oil, white oil, coal Ur fractions, and a mixture 
thereof. 

5. The modified asphalt composition according to claim 1, 
wherein said activated sulfur is a sulfur powder, a colloidal 
sulfur, or a mixture thereof, and said colloidal sulfur I* a 
65 colloid with an average diameter of 1-5 /urn prepared by 
mixing sulfur powder or precipitated sulfur with a dispersion 
reagent and then grinding. 
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6. The modified asphalt composition according (o claim 1, 
w heroin said sulfur donor is one selected from the group 
consisting of sulfur-containing morpholinium compounds, 
iniuram compounds, poly sulfides, and a mixture thereof. 

7. The modified asphalt composition according to claim 1, 5 
wherein said "symbolizing" sulfur-donating cross-linking 
reagent is a divalent metal oxide cross-linking reagent. 

8. The modified asphalt composition according to claim 1, 
wherein said organic polar compound is one selected from 
the group consisting of amine, acid, phenolic resin, aldehyde io 
compounds, and a mixture thereof. 

9. The modified asphalt composition according to claim 8, 
wherein said amine compound is one selected from poly* 
aclene polyomine compounds, wherein the polyactene coo 
prises di-, tri- and te Methylene, and the polyamine com- 15 
prises hexamcthyleue diamine, tetramine, penla-amine, or a 
mixture thereof. 

10. The modified asphalt composition according to claim 
8, wherein said acid compound is one selected from the 
group consisting of carboxylic acid, acid anhydride, sulfonic 20 
acid, boric acid, phosphoric acid compounds, and a mixture 
thereof. 

11- The modified asphalt composition according to claim 
10, wherein said phosphoric acid compound is one selected 
from the group consisting of polyphosphoric acid, phospho- 2s 
reus acid, modified phosphoric acid, phosphate compounds, 
and a mixture thereof. 

12. The modified asphalt composition according to claim 
8, wherein said phenolic resin compound is one selected 
from the group consisting of formaldehyde alkylphenol resin 30 
compounds, wherein the alkyl is p-lcrt-butyl or p-tert-octyl 
paraffinic group. 

13. The modified asphalt composition according to claim 
12, wherein said alkyl is the polar hetero-atom containing 
alkyl, and said formaldehyde alkylphenol resin comprises 35 
formaldehyde phenol rarin having sulfur or oxygen atom 
con laming alkyl. 

14. The modified asphalt composition according to claim 
8, wherein said aldehyde compound is one selected from the 
group consisting of glycidic aldehyde, formaldehyde, binary 40 
aldehydes, furfural, and a mixture thereof, wherein the 
binary aldehydes are p-phthalic aldehyde or m-phlhalic 
aldehyde. 

15- A process for preparing the storage-stable modified 
asphalt composition according to claim 1, which comprises as 
mixing 50-97.7 pans by weight of a base asphalt, 2.0-20.0 
parts by weight of a polymer having double bonds, 0-1-20.0 
parts by weight of a compatibilizer, 0.1-10.0 parts by weight 
of a cross-linking reagent, and 0.1-10.0 pans by weight of 
a organic polar compound at 100 to 250° C. to react for 5 to so 
300 minuets, wherein said cross-linking reagent is one 
selected from the group consisting of crystallized sulfurs, 
activated sulfurs, sulfur-donors, "symbolizing" sulfur- 
doaating cross-linking reagents, and a mixture thereof. 

16. The process according to claim IS, wherein said 5s 
corapatibih'zer can be first mixed with the base asphalt, or 
with the polymer having double bonds, or with the mixture 

of the polymer having double bonds and the base asphalt; or 
said compatibilizer can be added at last, and said compati- 
bjlizcr can he added siibcr once or twice. $q 

17. The process according to claim 15, wherein Said base 
asphalt can be added either once or twice. 

18. The process according to claim 15, wherein said 
process comprises the following steps; 

(1) contacting the base asphalt with the compatibilizer at 65 
100 B C.-250° C. for 0.1-6 h to yield the treated base 
asphalt; 
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(2) mixing the treated base asphalt with the polymer 
having double bonds for 0.1-10 n to yield the asphalt 
mother liquor; 

(3) adding the cross-linking reagent, organic polar 
compound, and optional base asphalt to the asphalt 
mother liquor at 100° C.-250 0 C. to react for 5-300 
min, yielding the modified asphalL composition; 

wherein the weight ratio of the base asphalt in step (3) to 
that in step (1) is 0-50:100-50. 

19. The process according lo claim 15, wherein said 
process comprises the following steps: 

(1) contacting the base asphalt with the compatibilizer at 
100° C-250° C for 0.1-6 fA to yield the treated base 
asphalt; 

(2) mixing the treated base asphalt wiih the polymer 
having double bonds for 0.1-10 h to yield the asphalt 
mother liquor, (3) adding the cross-linking reagent, 
organic polar compound, and oplional compatibilizer to 
the asphalt mother liquor at 100° C.-250 0 C. to react 
for 5-300 mm, yielding the modified asphalt compo- 
sition; 

wherein the weight ratio of the compatibilizer in step (3) 
lo that in step (1) is 0-50:100-50. 

20. The process according lo claim 15, wherein said 
process comprises the following steps: 

(1) mixing the base asphalt at 100° G-250° C. wilh the 
polymer having double bonds for 0.1-10 h to yield the 
asphalt mother liquor; 

(2) contacting the asphalt mother liquor at J (JO0C-250 0 C. 
with the compatibilizer at 100-250° C for 0-J-6 h to 
yield the treated asphalt mother liquor; 

(3) adding the cross-linking reagent, organic polar 
compound, and the optional base asphalt (0 the treated 
asphalt mother liquor to react for 5-300 min, yielding 
the modified asphalt composition; 

wherein the weight ratio of the base asphalt in step (3) to 
that in step (1) is 0-50:100-50. 

21. The process according to claim 15, wherein said 
process comprises the following steps: 

(1) contacting 2.O-20.0 parts by weight of a polymer 
having double bonds with 0.1-20.0 parts by weight of 
a compatibilizer at 10° C.-250 0 C. for 0.1-72 h lo yield 
the treated polymer having double bonds; 

(2) healing 50-97.7 parts by weight of the base asphalt to 
100° C-250° C; 

(3) mixing the treated polymer having double bonds with 
the heated asphalt for 0.1-6.0 h to yield an asphalt 
mother liquor, and maintaining the tcmpcrarure of the 
asphajL mother liquor at 100° C-ZS0° (?.; 

(4) adding 0.1-10.0 pans by weight of the cross-linking 
reagent and 0.1-10.0 parts by weight of the organic 
polar compound into the asphalt mother liquor lo react 
for 5-300 min, yielding the modified asphalt compo- 
sition. 

22. The process according to any one of claims IS to 21 
wherein said base asphalt is one selected from the group 
consisting of petroleum asphalts, coal-tar asphalts, tar sand 
asphalts, and native asphalts, and a mixture thereof, wherein 
the petroleum asphalt is one selected from the group con- 
sisting of straight-rum asphalts, asphalts obtained by solvent 
deasphalling, oxidized asphalts, blended asphalts, and a 
mixture thereof. 

23. The process according to any one of claims 15 to 21, 
wherein said polymer having double bonds is a block 
polymer of styrene and butadiene in a ratio of 20-*5:RO-55. 



MAR-13-200? 18:16 



TOTAL PETROCHEMICALS 



7134835384 P. 32 



US 6,71 

15 

24. The process according to any one of claims 15 lo 21, 
wherein said compalibilizcr is one selected from the group 
consisting of styrene tar, tall oil, acid-containing tall oil, 
cntalyiically cracked oil slurry, heavy deasphalted oil, 
extracted oil obtained by solvent refining, naphlhenic acid, 
naphlherric oil, white oil, coal tax fractions and a mixture 
thereof. 

25. The process according to claim 13, wherein said 
activated sulfur is a sulfur powder, a colloidal sulfur, or a 
mixture thereof, and said colloidal sulfur is a colloid with an 
average diameter of 1-5 pm prepared by mixing sulfur 
powder or precipitated sulfur with a dispersion reagent and 
then grinding, 

26. The process according lo claim 25, wherein said sulfur 
donor is one selected from the group consisting of sulfur- 
containing morphoiinium compounds, thiuram compounds, 
polysuliides and a mixture thereof. 

27. The process according to claim 15, wherein said 
"symbolizing" sulfur-donating cross-linking reagent is a 
divalent metal oxide cross-linking reagent. 

28. The process according to any one of claims 15 and IS 
to 21, wherein said organic polar compound is one selected 
from the group consisting of amine, acid, phenolic resin, 
aldehyde compounds, and a mixture thereof. 

29. The process according to claim 29, wherein said 
amine compound is one selected from polyactcne polyaminc 
compounds, wherein the polyactene comprises di-, tri- and 
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Hlraetiiylcnc; and the polyamine comprises hcxamethylene 
diamine, telramzne, penta-amine, or a mixture thereof. 

30. The process according lo claim 28, wherein said acid 
compound is one selected from the group consisting of 

* carboxylic acid, acid anhydride, sulfonic acid, boric acid, 
phosphoric acid compounds, and a mixture thereof. 

31. The process according to claim 30, wherein said 
phosphoric acid compound is one selected from the group 
consisting of polyphosphoric acid, phosphorous acid, modi- 

10 lied phosphoric acid, phosphate compounds, and a mixture 
thereof. 

32. The process according to claim 28, wherein said 
phenolic resin compound is one selected from formaldehyde 

M alkylphenol resin compounds, wherein the alkyl is p-tcrt- 
butyl or p-teri-octyl paraffinic group. ' 

33. The process according to claim 32, wherein said alkyl 
is the polar hetero-atom containing alkyl, and said formal- 
dehyde alkylphenol resin comprises formaldehyde phenol 

id resin having sulfur or oxygen atom containing alkyl. 

34. The process according to claim 26, wherein seid 
aldehyde compound is one selected from the group consist- 
ing of glycidic aldehyde, formaldehyde, binary aldehydes, 
furfural, and a mixture thereof, wherein me binary aldehydes 

25 arc p-ph thalic Bldehyde or m-phlhalic aldehyde. 

* * * n p 
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